Abstract: The Pupillary Light Reflex (PLR) controls the amount of light entering the eye. This might protect the retina when exposed to laser radiation. Higher radiation power causes the pupil to close more and more rapidly. Using a 532 nm laser beam with radiation power between 100 pW and 100 µW causes the pupil diameter to decrease between 15.4 % to 42.4 %. The decrease starts after a latency period ranging from 160 ms to 300 ms. Contraction takes additional 360 ms to 1100 ms and is increasing with power. A duration of more than 600 ms passes before the pupil size reaches the minimum. The response varies with wavelength and it is shown, that the Spectral Luminous Efficiency Function can not be used to describe dependency.
Introduction
Handheld laser pointer with different wavelengthes and increasing power became available in the last years. These pointers can cause temporary blinding, dazzle or glare, even over huge distances. The PLR is a response which controls the amount of light entering the eye and therefore might protect the eye from laser beam exposure. In [1] the author stated that the PLR might be suitable. Preliminary investigations showed that the accuracy of handheld laser pointer is low and no test person was able to hit a target for more than 200 ms. However even small exposure duration and low radiation power can cause a temporary loss of sight. Various studies explored the PLR for diagnostic purpose [2] , but investigations with short time laser exposure are rare.
Methods
The PLR was measured with infrared pupillography. This technique, where an array of infrared diodes is used to illuminate the pupil, is well known and had often been used to measure the pupil size and PLR. A camera (The Imaging Source -DMK 22AUC03) with a frame rate of 120 frames per second and resolution of 320 x 240 was used. Leading to a time resolution of about 8.3 ms and pupil size resolution of about 81 µm. Laser modules with 405 nm, 445 nm, 532 nm, 635 nm and 670 nm wavelength had been used. The laser beam was focused on a distant point and therefore entered the eye with Figure 1 : Measured relative amplitude and fitting through the data points. Data was collected by using a 635 nm laser a small divergence. With the aid of variable neutral density filters (Thorlabs NDC-50C-4M) the light power entering the eye was controlled. Seven power settings, 100 pW, 1 nW, 10 nW, 100 nW 1 µW, 10 µW, and 100 µW, had been applied for each wavelength. 6 subjects (4 male, 2 female) in the age from 26 to 70 (41 ± 18 years) participated in this investigation. Due to the small number of subjects, attributes like gender, age or eye color could not be considered. The effect, that pupil size is decreasing with age, was reduced by using the relative amplitude rather than the absolute value. A ten minute dark adaptation and readaptation was done before each test. In total each subject participated in 35 tests, except from 1subject missing the 445 nm laser. One subject showed blink reflexes for values higher than about 1 µW and this videos had been excluded. In order to compute the latency a threshold is often used. In order to determine a more precise value additionally a window of 100 ms was used and shifted until the signal was not monotonous decreasing. The contraction time is defined as time between the first change in pupil size until the minimum was detected. The amplitude is defined as the pupil size in the moment when the laser was switched on and the minimal pupil size. Often logarithmic functions had been used to describe the changes of these attributes. Least square fitting of equation (1) was done to describe the mean value of the above described attributes. y = a · log 10 (P ) + b
An curve fitting example using the relative amplitude versus Power in W after exposure to a 635 nm laser as a function of power P is shown in Figure 1 . Additionally the fit through maximal and minimal response is displaedy. 
Results
As shown in figure 1 the response varies strongly around the fitted curve. Different age, gender, subject condition and other parameter influence the measurment. This leads to a low r-squared value. Table 1 lists next to the coefficients of the curve the r-squared and root mean square error. The amplitude of the pupil response increases with power ( Figure 2 ). The green 532 nm laser is causing the highest response and the radius decreases in average 15.4 %, even when radiation power is only 0.1 nW. Using a power 100 µW reduces the diameter 42.4 %. In order to cause a 20 % reduced diameter with a green laser about 1nW is necessary. 
Discussion
The sum of latency period and contraction time is longer than half a second. This is not suitable to protect the eye from laser radiation, which might cause damage or hazardous glare. Most exposures due to laser pointer are expected to be shorter than 100 ms.
Bibliography

